
Thermophysical Properties of 
Lunar Red Spots

C. M. Elder,1 P. O. Hayne,1 T. D. Glotch2

1Jet Propulsion Laboratory, California Institute of Technology, 2Stony Brook 
University

©	2017.	All	rights	reserved.



Lunar ‘Red Spots’

• Spectrally red
• Domes (with steep slopes and high albedos), smooth plains, 

shields, or rugged patches of highland material 
• Generally pre-date mare volcanism



Lunar ‘Red Spots’

• Created by viscous lava similar to terrestrial dacites, basaltic 
andesites, or rhyolites 
• Some are highly silicic, Th anomaly à ‘evolved’ composition
• Leading hypothesis: basaltic underplating
• Steep slopes should be rocky à high thermal inertia

ever, several workers have proposed that SLI could have
occurred on a large scale if late-stage-magma-ocean residual
melts crystallized to produce large bodies of granite within
the lunar crust [Neal and Taylor, 1989a, 1989b; Jolliff,
1998]. In this scenario, large bodies of silicic magma need
sufficient time to efficiently separate from the parent mag-
ma, which in turn requires very slow cooling (i.e., a plutonic
environment several km deep in the crust) [Philpotts, 1982;
Neal and Taylor, 1989a]. After the separation of the two
liquids, the ferrobasaltic liquid percolates into the upper
portions of the lunar crust because of the water-like viscos-
ity of the mafic liquid [Neal and Taylor, 1989b]. Mean-
while, the very high viscosity of the granitic liquid
precludes its ascent to the lunar surface [e.g., Neal and
Taylor, 1989b]. This slow cooling model for late-stage-
magma-ocean residual melts suffers from two major prob-
lems: (1) The slow cooling of a viscous silicic melt would
preclude production of large volumes of extrusive litholo-
gies such as rhyolite. (2) Warren et al. [1983] and Bonin et
al. [2002] suggest that the ages of lunar granites are not
consistent with derivation from the LMO, an assertion
supported by Longhi [1990] who suggested that SLI
resulted from the extensive fractionation of post-magma-
ocean igneous systems.
[46] On earth, areas of voluminous rhyolite production

(e.g., Long Valley and Yellowstone) show no evidence of
silicate liquid immiscibility [Hildreth, 1979, 1981; Doe et
al., 1982]. In fact, Hildreth [1979, 1981] has shown that no
reasonable scheme involving crystal settling, assimilation,
basalt contamination, progressive partial melting, or liquid
immiscibility can create the extreme elemental enrichments
and compositional variations observed within the Long
Valley rhyolites. Another complicating factor for most
petrogenetic models is that rhyolite production requires

melting temperatures (e.g., 900–950!C) that are beyond
the reach of typical geothermal gradients in the terrestrial
crust [Hess, 1989]. However, these high melting temper-
atures can be attained if there is an external source of heat,
which could be provided by large intrusions of basaltic
magma [e.g., Hildreth, 1981; Bergantz, 1989; Hess, 1989].
5.2.2. Basaltic Underplating
[47] The process of basaltic underplating involves

the intrusion of a basaltic magma into preexisting crust
[Hildreth, 1981]. Natural and experimental studies have
shown that when basaltic magmas are emplaced into con-
tinental crust during basaltic underplating, melting and
generation of silicic magma is expected, even if the crust
is mafic in composition [Hildreth, 1981; Huppert and
Sparks, 1988; Bergantz, 1989; McCarthy and Patiño-
Douce, 1997; Barboza and Bergantz, 1998]. With under-
plating, relatively large amounts of rhyolitic melt can
be generated over geologically short timescales (102–
103 years) compared with other mechanisms for silicic melt
generation, which occur on much longer timescales
(i.e., >106 years) [Huppert and Sparks, 1988; Petford and
Gallagher, 2001]. It is also important to note that the
underplating process suppresses hybridization, entrainment
of residues, and generation of liquids less silicic than
rhyolites, thereby making underplating a leading mechanism
for the generation of rhyolites on all scales [Hildreth, 1981].
5.2.2.1. Mechanics of Underplating
[48] The process of underplating begins when basalt at

the near-liquidus temperature intrudes country rock that is at
an ambient crustal temperature [Bergantz, 1989]. The heat
content of crystallizing basalt (including latent heat of
crystallization) initiates melting in the crustal rock, produc-
ing anatectic melts equal up to 10–50% of the mass of the
basalt itself [Hildreth, 1981; Bergantz, 1989]. If the crust

Figure 8. Image based on a diagram from Hildreth [1981] but adapted for cratered lunar crust. In this
diagram, basaltic magmas either underplate preexisting crust or rise through the crust and erupt onto the
lunar surface. The preexisting crust can be composed of a variety of lithologies that have been identified
in the PKT including norites, gabbros, gabbronorites, troctolites, high-Al basalts, and/or ferroan
anorthosite. Partially melting the preexisting crust generates a thermally and compositionally buoyant
magma that is both Si- and Th-rich. The buoyant magma is able to ascend to the surface through a series
of fractures in the overlying crust. Magma rise may be facilitated by extensive impact cratering, which
may have significantly fractured the upper 10 km of the lunar crust [Hörz et al., 1991]. The buoyant
rhyolitic magma in this diagram rises to the surface via listric normal faults created during the formation
of large impact basins. This figure presents one potential model for rhyolite production and is not meant
to imply that all rhyolite extrusives are younger than mare deposits or that all mare basalts are derived
from ponded basaltic magmas.
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Methods

• Fit Diviner nighttime regolith 
temperature measurements from 
Bandfield et al. (2011)
• Temperatures exclude rocks >1 m
• Thermal inertia proportional to density
• Assume regolith density:

⍴(z) = ⍴d – (⍴d – ⍴s)e-z/H

• Low H    à high thermal inertia  à
more rocks / lower porosity

⍴d⍴s
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a)	Gruithuisen Domes
b)	Hansteen Alpha
c)	Mairan Domes
d)	Mons	La	Hire
e)	Montes	
Spitzbergensis
f)	Helmet
g)	Darney
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j)	Compton-Belkovich



emissivity

Mairan

Emissivity



Mairan

Emissivity



Helmet

Emissivity



Helmet

Emissivity



WACAlbedo

17%
21%

21%



WACAlbedo

16%

22%

24%

Maria	average	=	19% Highlands	average	=	30%



Albedo Uncertainty

• 𝜕𝐻/𝜕𝑇 ≈ 0.5 − 1	cm	K-1 (Hayne et al., submitted)
• 𝜕𝑇/𝜕𝐴 ≈ 0.2 K/% (Hayne et al., submitted)

• 𝛿𝐻 = 34
35

35
36

𝛿𝐴

• Albedo uncertainty:
• 𝛿𝐻789:8; < 0.8 cm

•Observed anomaly
• Δ𝐻 = 1.5 cm

• Albedo uncertainty:
• 𝛿𝐻4?@A?B < 1.2 cm

•Observed anomaly
• Δ𝐻 = 0.7 cm



Preliminary conclusions

•High H at red spots could be due to albedo difference 
and/or a lower density
•Red spots are worst case scenario for the effects of 

albedo variation on H
• small high albedo features surrounded by low albedo material



Future Work

•Generate a 128 ppd albedo map to 
use in H calculations
• Look at nighttime temperature curves 

instead of H
•Model effects of variation in albedo, H, 

and regolith thickness 
•H-parameter anomaly due to 

pyroclastic deposits at Lassell massif?


